Oral cabozantinib tablets (Cabometyx ® ) are an important option for the treatment of advanced renal cell carcinoma (RCC). Cabozantinib is an anti-angiogenic agent and potently inhibits multiple tyrosine kinases, including those implicated in the development of RCC. The previously approved indication of cabozantinib tablets (i.e. treatment of advanced RCC following prior VEGF-targeted therapy) has been extended to include the first-line treatment of advanced RCC in treatment-naïve adults with intermediate or poor risk (EU) and all patients with advanced RCC (USA). These label extensions are based on the results of a randomized, open-label phase 2 trial, in which adults with metastatic RCC of poor or intermediate risk received targeted first-line treatment with cabozantinib or standard-of-care sunitinib. Relative to sunitinib, cabozantinib significantly prolonged median progression-free survival (primary endpoint; investigator and independent assessments), and increased the objective response rate (investigator assessment). The tolerability profile of cabozantinib is comparable to those of other tyrosine kinase inhibitors, with adverse events being manageable with medical intervention, dosage reductions, treatment interruption and/or permanent discontinuation. 
What is the rationale for using cabozantinib as first-line treatment for advanced renal cell carcinoma (aRCC)?
Renal cell carcinoma (RCC) is the most common type of kidney cancer (accounts for ≈ 90% of cases), with most (≈ 80%) being of clear-cell histology [1] . At the time of diagnosis, ≈ 20-30% of patients present with metastatic RCC (mRCC), which has a poor long-term prognosis [1] [2] [3] [4] . The development of RCC has been linked to the activation of several receptor tyrosine kinase signalling pathways [e.g. those involving vascular endothelial growth factor (VEGF) receptors (VEGFR), MET, AXL and mTOR], which is often a consequence of the functional disruption of the von Hippel-Lindau tumor suppressor protein [2] [3] [4] .
Tyrosine kinase inhibitors are widely used in the treatment of advanced RCC (aRCC) [1, [4] [5] [6] . One such agent is cabozantinib, with the tablet formulation (Cabometyx ® ) [7, 8] being initially approved to treat aRCC following prior VEGF-targeted therapy. The initial indication for cabozantinib tablets has recently been extended to include the firstline treatment of aRCC in adults with intermediate or poor risk in the EU [7] and all patients with aRCC in the USA [8] . This review focuses on the use of cabozantinib tablets in the first-line treatment of aRCC, with Table 1 providing a summary of the prescribing information in this setting [7, 8] .
Importantly, cabozantinib tablets [7, 8] and cabozantinib capsules (Cometriq ® ; approved to treat progressive metastatic medullary thyroid cancer) [9, 10] are not bioequivalent [11] and, therefore, cannot be used interchangeably [7, 8] . Consult local information for further details regarding the use of cabozantinib tablets and capsules.
What are the pharmacological properties of cabozantinib?

Pharmacodynamic properties
Cabozantinib is a small molecule anti-angiogenic agent and potent targeted inhibitor of multiple tyrosine kinases implicated in the development of RCC (i.e. VEGFR-2, MET and AXL), as well as many others (VEGFR-1 and -3, RET, KIT, FLT3, ROS1, MER, TYRO3, FLT3, TRKB and TIE-2) [3, 4, 7, 8, [12] [13] [14] [15] . These tyrosine kinases are associated with tumour angiogenesis and growth, pathological bone remodelling, drug resistance and metastatic progression [3, 7, 8, [12] [13] [14] [15] . In in vitro studies, the migration, invasion and proliferation of tumour cell lines, including clear-cell RCC lines, were inhibited by cabozantinib [12, 13, 15] . In preclinical tumour models, cabozantinib dose-dependently inhibited the phosphorylation of VEGFR-2 and MET, disrupted tumour vasculature, induced tumour cell apoptosis and did not promote the metastasis of tumours [12, 15] .
A population exposure-response analysis of cabozantinib in the typical individual with aRCC who had received prior VEGF-targeted therapy was conducted based on data from the METEOR trial [16] . The analysis predicted that exposure to cabozantinib provided by the once-daily 60 mg dosage (i.e. the recommended daily dosage for most patients) would provide greater anti-tumour activity than that provided by once-daily 20 or 40 mg in the typical individual undergoing cabozantinib treatment [16] . However, in some non-typical patients (e.g. those with hepatic impairment or who are concomitantly taking certain other medications), exposure to cabozantinib following administration of once-daily cabozantinib 60 mg may be higher than shown in typical patients, and a reduced dosage of 20 or 40 mg/day may achieve more typical exposure and, as a result, comparable anti-tumour activity (Table 1) [7, 8] .
Pharmacokinetic properties
In healthy adults [11] , single doses of cabozantinib 20, 40 and 60 mg tablets showed dose-proportional increases in mean maximum plasma concentrations (C max ) of 117, 239 and 343 mg/mL, respectively; corresponding median times to C max were 3, 3 and 4 h (range 1-120). Based on the area under the plasma time-concentration curve (AUC), cabozantinib accumulates with repeated daily administration (mean accumulation ratio of ≈ 4-5 for day 19 vs day 1), and reaches steady state at ≈ 15 days [7, 8, 15] .
Cabozantinib has a volume of distribution of ≈ 319 L, is highly (≥ 99.7%) bound to plasma proteins, has a plasma clearance rate of 2.2 L/h at steady state, and has a terminal elimination half-life of ≈ 99 h [7, 8, 15, 17] . Cabozantinib undergoes extensive metabolism, with its four major metabolites comprising > 65% of the total exposure to the drug [18] ; the potency of targeted kinase inhibition of these metabolites is ≤ 10% of that of the parent drug. It is excreted in the faeces (≈ 54%; 43% as the parent drug) and urine (≈ 27%) [7, 8, 18] .
Cabozantinib tablets are not bioequivalent to cabozantinib capsules and are not interchangeable [11] . In healthy adults [11] , the AUC with cabozantinib tablets differed by < 10% versus that with capsules (indicating bioequivalence); however, C max values were 19% higher with the tablet relative to the capsule and bioequivalence was not established [11] .
Although data are limited, exposure to cabozantinib appears to be somewhat increased in patients with renal and hepatic impairment [17] , and appropriate precautions should be followed (Table 1) .
Potential food and drug interactions
As food increases exposure to cabozantinib [19] , it should not be taken with food (patients should not eat for ≥ 2 h before and ≥ 1 h after administration; Table 1 ) [7, 8] .
Clinically significant pharmacokinetic drug interactions may occur between cabozantinib, a cytochrome P450 (CYP) 3A4 substrate, and strong CYP3A4 inducers and inhibitors (Table 1) [7, 8, 15, 20] . Interactions may also occur between cabozantinib and multidrug resistance-associated protein 2 (MRP2) inhibitors, oral contraceptives, P-glycoprotein substrates and warfarin (Table 1) [7, 15] . Appropriate precautions should be followed to ameliorate the risk of clinically relevant drug interactions [7, 8] .
The concomitant use of cabozantinib and gastric pH modifying agents (e.g. proton pump inhibitors, histamine H 2 -receptor antagonists and antacids) does not require dosage adjustment [7, 8] , as such agents do not affect cabozantinib exposure [19] . Cabozantinib does not inhibit CYP enzymes and, therefore, is not expected to markedly affect the pharmacokinetic profiles of drugs that undergo CYP metabolism [20] .
What is the efficacy of cabozantinib as first-line treatment in aRCC?
CABOSUN trial
Cabozantinib provided clinical benefits relative to standard-of-care treatment with sunitinib as initial targeted therapy for adults with clear-cell mRCC of poor or intermediate risk in the open-label, multicentre phase 2 CABOSUN trial [21] . Prior to randomization, patients were stratified by their International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) risk (80.9 and 19.1% of patients were in the IMDC intermediateand poor-risk groups, respectively) and presence of bone metastases (36% of patients had bone metastases).
Over the 24-month enrolment period (July 2013 to 6 April 2015, patients were randomized to receive [21] :
• Cabozantinib 60 mg once daily every day of each 6-week cycle [intent-to-treat (ITT) n = 79]. Dosage reductions to 40 and 20 mg once daily were permitted if required for tolerability-related issues.
• Sunitinib 50 mg once daily for the first 4 weeks of each 6-week cycle, followed by a 2-week break (ITT n = 78). Dosage reductions to 37.5 and 25 mg once daily were permitted if required for tolerability-related issues. ) as first-line treatment for advanced renal cell carcinoma in the EU [7] and USA [8] . Unless otherwise indicated, information applies to both the EU and USA CYP cytochrome P450, INR international normalized ratio, MRP2 multidrug resistance-associated protein 2, OC oral contraceptives, P-gp P-glycoprotein substrates, PK pharmacokinetic, pt patient, RCC renal cell carcinoma, ↑ increase, ↓ decrease a Strong CYP3A4 inducers include carbamazepine, phenobarbital, phenytoin, rifampicin and St John's wort (depending on the formulation); strong CYP3A4 inhibitors include clarithromycin, erythromycin, itraconazole, ritonavir and grapefruit juice; MRP2 inhibitors include ciclosporin, efavirenz and emtricitabine; P-gp substrates include aliskiren, ambrisentan, colchicine, dabagatran etexilate, digoxin, fexofenadine, maraviroc, posaconazole, ranolazine, saxagliptin, sitagliptin, talinolol and tolvaptan The 6-week treatment cycles were continued until disease progression, therapy intolerance or consent withdrawal [21] . The primary endpoint was progression-free survival (PFS) in the ITT population, with the final analysis being conducted when 123 PFS events (progression or death) had occurred (11 April 2016) . Prior to the data cut-off, treatment was discontinued by 65/78 (83%) and 70/72 (99%) of patients who received at least one dose of cabozantinib or sunitinib. Of those patients, disease progression was the most common reason for discontinuing treatment (65 and 57% of patients who discontinued cabozantinib and sunitinib, respectively), followed by treatment-emergent adverse events (TEAEs) [25 and 23%] [21] .
Median PFS was significantly longer with cabozantinib than with sunitinib in the treatment of mRCC in patients with poor or intermediate risk [21, 22] . Relative to sunitinib, cabozantinib reduced the risk of disease progression or death by 34% based on data up to 11 April 2016 in the investigator assessment [21] , and by 44 and 52% based on data as of 15 September 2016, in the investigator and independent assessments, respectively [22] (Table 2 ). In subgroup analyses by stratification factors based on 11 April 2016 data, median PFS was longer with cabozantinib than with sunitinib in the IMDC intermediate-risk and bone-metastases subgroups, but not in the other subgroups (Table 2 ) [21] . In contrast, in the independent assessment based on data as of 15 September 2016, median PFS was longer with cabozantinib than with sunitinib in the subgroups of patients with IMDC intermediate or poor risk, with and without bone metastases, and who were MET positive, but not those who were MET negative (Table 2 ) [22] .
Overall response rates (i.e. proportion of patients with a confirmed complete or partial response) were higher with cabozantinib than with sunitinib [33% (95% CI 23-44) vs 12% (95% CI 5.4-21)] based on data as of 11 April 2016 [21] , but not in the independent review of 15 September 2016 data [20% (95% CI 12-31) vs 9% (95% CI 4-18)] [22] . Confirmed partial responses comprised most of the overall responses (31.6 and 11.5% of cabozantinib and sunitinib recipients in the earlier investigator assessment [21] and all patients in the later independent assessment [22] ). As of 11 April 2016, 46 and 42% of cabozantinib and sunitinib recipients, respectively had stable disease, and 18 and 26% had progressive disease [21] ; corresponding results as of 15 September 2016 were 54 and 38% of patients with stable disease, and 18 and 29% with progressive disease [22] . Data were missing or not evaluable for 3.8 and 20.5% of patients in the cabozantinib and sunitinib groups, respectively, as of 11 April 2016 [21] , and 8 and 23% of patients as of 15 September 2016 [22] .
Although CABOSUN was not powered to detect betweengroup differences in overall survival (OS), median OS was numerically, but not statistically, longer with cabozantinib than with sunitinib at the data cut-off date of 15 September 2016 [21] and at the updated cut-off date of 1 July 2017 [22] ( Table 2) .
Cabozantinib may be more effective than sunitinib with regard to other secondary endpoints (data available from abstracts) [23, 24] . Eastern Cooperative Oncology Group performance status (ECOG-PS) scores were used a proxy for assessing health-related quality-of-life [23] . As expected, ECOG-PS scores were better before disease progression than after disease progression (e.g. across evaluable patients in both treatment groups, 40% had an ECOG-PS score of 0 pre-progression vs 25% post-progression; mean ECOG-PS scores were 0.69 pre-progression vs 0.91 post-progression). The risk of deterioration in performance (i.e. decreases in ECOG-PS scores from 0 to 2, 1-3, or 2-3) was numerically, but not statistically, lower with cabozantinib than with sunitinib (HR 0.44; 95% CI 0.16-1.26) [23] .
The quality-adjusted time without symptoms or toxicity (Q-TWiST) was longer with cabozantinib than with sunitinib [24] . The analysis was based on data for 650 days (i.e. the median survival follow-up period), divided the OS of each patient into three health states, and weighted each state with a health utility of 0 (death) to 1 perfect health). With regards to the mean duration in each of the three health states, relative to sunitinib, cabozantinib had an 8-day longer time with grade 3/4 toxicity pre-progression, a 121-day longer time without symptoms of disease progression or grade 3/4 toxicity, and a 104-day shorter time after progression or relapse. The duration of Q-TWiST, which takes into account the disease control and toxicity provided by each treatment and the HR-QOL of each health state, was 17-129 days longer with cabozantinib than with sunitinib, depending on the utility values incorporated [24] .
Meta-analyses
Recent network meta-analyses (NMAs) [25, 26] The other NMA compared cabozantinib with other firstline systemic treatment of mRCC [26] . Based on the PFS results of 10 trials in 4819 patients, there was a 91% probability that cabozantinib was the preferred first-line treatment. The use of cabozantinib was significantly favoured over that of atezolizumab, atezolizumab + bevacizumab, nivolumab + ipilimumab, pazopanib, sorafenib and sunitinib, with these drugs having a 1.8-to 2.3-fold higher risk of PFS. Although axitinib, pazopanib + everolimus and tivozanib had a 1.7-to 1.8-fold higher risk of PFS than cabozantinib, the 95% CIs for these HRs indicated that the values were non-significant. Based on OS results in 5 trials in 3379 patients, cabozantinib was favoured over sunitinib (HR 0.80; 95% CI 0.53-1.2), but not nivolumab + ipilimumab (1.2; 0.73-1.9), which has a 48% probability of being the preferred first-line treatment.
What is the tolerability profile of cabozantinib in aRCC?
Cabozantinib has a generally manageable tolerability profile when used as the first-line treatment of aRCC, with an overall profile comparable to those of other tyrosine kinase inhibitors in this setting [21, 27] . Treatment-related adverse events (TRAEs) associated with cabozantinib can generally be linked to its inhibition of receptor tyrosine kinases, such as VEGFR2, KIT and other targets [27] . Table 2 Efficacy of cabozantinib versus sunitinib as initial targeted therapy for patients with metastatic renal cell carcinoma of poor or intermediate risk in the randomized, open-label phase 2 CABOSUN trial [21, 22] Pts received cabozantinib 60 mg once daily every day of each 6-week cycle or sunitinib 50 mg once daily for the first 4 weeks of each 6-week cycle, followed by a 2-week break (dosage reductions to cabozantinib 40 and 20 mg/day or sunitinib 37.5 and 25 mg/day were permitted for tolerability issues). Unless otherwise indicated, results presented are in the intent-to-treat population and were assessed by investigators. KaplanMeier analyses were used to estimate OS and PFS distributions by treatment arm aHR adjusted HR, D death, HR hazard ratio, IMDC International Metastatic Renal Cell Carcinoma Database Consortium, NE not estimable, OS overall survival, P disease progression, PFS progression-free survival, pt patient *p = 0.012, **p = 0.0042, *** p = 0. 0008 In the CABOSUN trial in patients with clear-cell mRCC of poor or intermediate risk, TEAEs with first-line treatment with cabozantinib and sunitinib were consistent with the known tolerability profiles of these drugs [21] . TEAE severity was graded according to National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0. At the time of the descriptive tolerability analysis in the safety population, the median duration of treatment was 6.9 months (range 0-26.2) in 78 cabozantinib recipients, and 2.8 months (range 0-23.5) in 72 sunitinib recipients [21] .
The incidence of grade 1-2 and grade 3-4 TEAEs reported in ≥ 30% of patients in the safety population in either treatment group are shown in Fig. 1 . The most common TEAEs with cabozantinib included fatigue, hypertension, diarrhoea, abnormal liver function test, anorexia and palmar-plantar erythrodysesthesia syndrome (PPES) (Fig. 1 ) [21] . Sunitinib had a similar overall tolerability profile, with lower incidences of PPES, weight loss and anorexia, but higher incidences of haematological toxicities (i.e. neutropenia and thrombocytopenia) (Fig. 1) . Grade 3-4 hypertension, diarrhoea, fatigue and oral mucositis were reported in ≥ 5% of patients in both treatment groups. Other grade 3-4 TEAEs reported in ≥ 5% patients were PPES, anorexia and increased ALT levels in cabozantinib recipients, and thrombocytopenia in sunitinib recipients (Fig. 1) [21] . Grade 5 TRAEs occurred in three cabozantinib recipients (once case each of acute kidney injury, sepsis and jejunal perforation) and three sunitinib recipients (one case each of sepsis, respiratory failure and vascular disorders) [21] .
Potentially serious adverse events may occur with the use of cabozantinib [27] . Patients should be closely evaluated for TRAEs during the first 8 weeks of treatment, as most occur early during the course of treatment and dosage reductions, treatment interruption and/or treatment discontinuation may be needed [7, 27] . In CABOSUN [21] , 46% of cabozantinib recipients required dosage reductions, and 20% discontinued treatment because of TEAEs; the corresponding proportions in sunitinib recipients are 35 and 21% [21] . Table 3 summaries the incidence and recommended management of potentially serious TRAEs, and Fig. 2 provides an overall algorithm for the management of grade 1-4 TRAEs based on their severity [7, 8, 27] .
The tolerability of cabozantinib relative to first-line treatments other than sunitinib has not been directly compared. In the NMA that evaluated tolerability of cabozantinib versus other first-line options, there was no difference between cabozantinib and sunitinib with regard to the risk of TEAEs (odds ratio 1.1; 95% CI 0.59-2.2), but cabozantinib had an increased risk relative to nivolumab + ipilimumab (2.2; 1.1-4.4), with the latter having a 67% likelihood of being the best tolerated regimen for the first-line systemic treatment of mRCC [28] .
Data related to the tolerability of cabozantinib in the first-line treatment of aRCC in the real-world setting are currently not available. Real-world tolerability data, however, are available from 96 patients with mRCC who received second-or subsequent line treatment with cabozantinib within the Italian Managed Access Program (MAP) [29] . This analysis indicated that the tolerability of cabozantinib in the real-world setting was manageable and comparable to that shown in the RCC clinical trial program [29] . Of note, in an analysis of 22 patients with mRCC in a single Italian MAP centre [30] , 6 months of treatment with cabozantinib appeared to significantly (p < 0.05) reduce bone resorption from baseline; further evaluation of this effect in a larger population would be of interest. Treatment with cabozantinib 60 mg/day was not associated with any incidents of prolongation of the corrected QT (QTc) interval in patients with the CABOSUN trial [31] . In a phase 3 trial in patients with medullary thyroid cancer, cabozantinib at the higher dosage of 140 mg/day increased the Δ-Δ Fridericia QTc interval by 10-15 ms, with this prolongation thought to be due to the effects of cabozantinib on serum calcium and potassium [31] . In the EU, caution is required when using cabozantinib in patients with a history of QT interval prolongation or relevant pre-existing cardiac disease, bradycardia or electrolyte disturbances, or who are taking antiarrhythmics [7] .
What is the current clinical position of cabozantinib as first-line treatment of aRCC?
Cabozantinib is an important guideline-recommended firstline option for the treatment of aRCC due to its:
• Mechanism of action Has anti-angiogenic properties and potently inhibits multiple tyrosine kinases implicated in the development of RCC [3, 4, 7, 8, [12] [13] [14] [15] .
• Overall efficacy In patients with mRCC of IMDC poor or intermediate risk, targeted first-line treatment with cabozantinib significantly prolonged the primary endopoint of median PFS (investigator and independent assessments), and increased the ORR (investigator assessment) relative to standard-of-care sunitinib [21, 22] .
• Manageable tolerability profile TRAEs are manageable with supportive care, dosage reductions and/or treatment interruption or permanent discontinuation [7, 8] . Table 3 Incidence and management of potentially serious adverse effects associated with the use of oral cabozantinib tablets (Cabometyx ® ) in clinical trials in patients with renal cell carcinoma [7, 8] . Unless otherwise indicated, information applies to both the EU and USA Toxicity severity was graded according to National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0 BP blood pressure, PPES palmar-plantar erythrodysesthesia syndrome, pt patient, RCC renal cell carcinoma, RPLS reversible posterior leukoenecephalopathy syndrome, ↓ reduced a From 60 mg/day to 40 mg/day, and from 40 mg/day to 20 mg/day Adverse effect (incidence in RCC trials [8] ) Prevention/management [7, 8] [1] In alphabetical order by category and preference, options for the first-line treatment of predominantly clear-cell renal carcinoma of IMDC intermediate and poor risk include nivolumab + ipilimumab (NCCN category 1, preferred option in these risk groups), pazopanib, sunitinib and bevacizumab + IFN α-2B (category 1), temsirolimus (category 1 for poor risk and 2B for selected patients in other risk groups), axitinib and cabozantinib (both category 2A), and best supportive care (e.g. palliative radiotherapy, metastasectomy, ablative therapy, bisphosphonates, etc.). NCCN categories 1 and 2A are defined as uniform NCCN consensus that that the intervention is appropriate based on high-and lower-level evidence, respectively, and category 2B as NCCN consensus that that the intervention is appropriate based on lower-level evidence [1] . also offered an opportunity to provide a scientific accuracy review of their data. Changes resulting from comments received were made on the basis of scientific and editorial merit.
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